Abstract. High resolutions observations of the regions of the Hα and He ii 4868 lines of the symbiotic star AG Dra were performed during its time of activity in 1996-1997. Profiles, fluxes and radial velocity data of these lines as well as the line He i 4713 were obtained. The Hα fluxes changed in correlation with the optical light. The emission measure of the circumbinary nebula of the system at several epochs during its 1994-1998 active phase was also calculated using Balmer continuum emission on the basis of U photometric data from the literature. It was increased by factors up to 36 above its quiescent maximal value. After the 1996 and 1997 light maxima the profile of the He ii 4868 line contained a broad emission component indicating mainly a stellar wind from the hot secondary with a velocity of 1100 ÷ 1300 km s −1 . The mass-loss rate of this star was estimated to be about 1 ÷ 2 10 −7 (d/1.7 kpc) 3/2 M yr −1 . The growth of its Lyman luminosity however is not sufficient to explain the increased nebular emission during the active phase. A view that this emission could be the result of both a rise of the mass-loss rate of the cool giant of the system and a rise of the Lyman flux of the hot luminous secondary, being in a steady-state burning regime during the quiescence, is discussed.
Introduction
Symbiotic stars are interpreted as interacting binary systems consisting of a cool luminous visual primary and a secondary component which is a hot compact object or a main sequence star. The components' interaction is realized via transfer of mass from the atmosphere of the giant star and its accretion onto the secondary component. Accretion is the mechanism that gives rise to the secondary's physical activity. In a number of cases this activity leads to an unexpected rapid increase in the visual light of 3-4 mag followed by slow decrease to its previous value for months or years. The symbiotic system AG Dra consists of a high luminosity K giant (Mikolajewska et al. 1995; Smith et al. 1996; Friedjung et al. 1998 ) and a hot compact object whose temperature is probably more than 10 5 K (Greiner et al. 1997) .
In 1994 it entered in a new
Send offprint requests to: N. Tomov, e-mail: rozhen@mbox.digsys.bg Based on observations collected at the National Astronomical Observatory Rozhen, Bulgaria. active phase characterized by some consecutive outbursts having intervals of about one year between the times of their light maxima and U amplitudes up to more than 3 mag. In this way AG Dra underwent five optical brightenings, the last of them being in 1998. Analysis of the photometric data (Montagni et al. 1996; Greiner et al. 1997; Skopal 1998; Petrik et al. 1998; Tomova & Tomov 1998; showed that the growth of the visual light is due to the increased radiation of the circumbinary nebula. Different models about the outburst activity of AG Dra have been proposed. Leibowitz & Formiggini (1992) supposed the 1980-1983 and 1985-1986 optical outbursts of AG Dra to be associated with the liberation of mechanical energy in the atmosphere of the giant. Mikolajewska et al. (1995) came to the conclusion that these outbursts are most probably due to thermonuclear events on the surface of a white dwarf. Greiner et al. (1997) assumed the 1994 and 1995 outbursts to be determined by an expansion and cooling of the compact secondary, since their ROSAT data anticorelate with the optical photometry.
They proposed this star to be in steady-state burning of hydrogen at its surface, which provides its high X-ray luminosity during the quiescent state of the system. The accretion rate increases during the outburst and causes accumulation of matter, which is not included in the burning process. As a result of the expanding and cooling, the star decreases its X-ray emission. One possibility for the expansion to be restricted, according to the authors, is the appearance of a high velocity wind from the hot photosphere. The cooling of the star in principle provides a possibility for growth of its optical continuum but the visual brightenings of the system are caused by variation of its nebular spectrum. That is why the authors are forced to search for an additional emission mechanism in the surrounding nebula. Gonzalez-Riestra et al. (1999) identified cool and hot outbursts of the AG Dra system determining the Zanstra temperature of its hot component. During the cool 1980 During the cool -1983 During the cool and 1994 During the cool -1995 outbursts the temperature of this component decreased compared to its quiescent value and during the hot 1985-1986 outbursts it increased. This means that the mechanisms driving the activity of this symbiotic binary are probably more than one. Galis et al. (1999) proposed a mechanism for increase of the accretion rate related to resonance of the pulsations of the cool giant and its orientation to the companion. They supposed that the pulsations are probably nonradial, leading to an appearance of an asymmetric stellar wind. The ratio of the orbital to the pulsation period was found to be very close to 14/9. It is possible for the massloss of the giant to reach its maximal value when the most dense part of the wind is orientated towards the companion. This would provide a great increase of the accretion rate causing the observed outbursts.
One approach to test any single outburst model consists of investigation of the possibility of the observed changes of the emission of the circumbinary nebula being explained in the framework of that model. In this paper we analyse high resolution data in the regions of the Hα and He ii 4686 lines of the spectrum of AG Dra acquired during its 1996 and 1997 visual brightenings. In addition we calculate the emission measure of its circumbinary nebula using U photometric data from the literature. We continue our search, initiated in a previous work (Tomova & Tomov 1999) , for observational evidence to support any single outburst model. On one hand the frequency of appearance of a stellar wind from the hot component of the system and its mass-loss rate obtained by us cannot be explained in the framework of the thermonuclear model. On the other hand the mechanism proposed for the interpretation of the X-ray data meets difficulties with the increase of the nebular emission. One of the conclusions of our analysis of the quiescent U photometric data of this system was that its hot component probably has an excess of luminosity, making it able to ionize the greatest part of the nebula with the exception only of the region behind the cool giant. That is why it may be able to ionize additional amount of gas in the wind of the giant when its mass-loss rate increases during outburst phase. This would be a natural explanation of the growth of the nebular emission. The consideration of this idea forms part of our work.
Observation and reduction
Nineteen CCD frames were acquired on sixteen nights during 1996 and 1997 with the Coudé spectrograph of the 2 m RCC telescope of the National Astronomical Observatory Rozhen. Two spectral regions were detected: one near Hα and the other near the He ii 4868 line (Table 1) . The spectral window of 110Å gave us the possibility of observing the He i 4713 line together with He ii 4868. The resolving power was 15 000. The IRAF package was used for data reduction as well as for obtaining the dispersion curve and calculating the radial velocities and the equivalent widths. The fluxes of the He i 4713 and He ii 4868 lines were obtained by means of the equivalent widths and the monochromatic continuum fluxes at their positions. The continuum fluxes were calculated via linear interpolation of the fluxes at the positions of the sensitivity maxima of the B and V photometric systems. The flux of the line Hα can be obtained in the same way using V and R photometric data. However we did not have R photometric data and determined the monochromatic continuum flux at its position as follows. Two components of the AG Dra system have contributions to its continuum at the position of Hα -the cool giant and the circumbinary nebula. We obtained the flux of the cool giant supposing that it has the same continuum energy distribution as α Boo, since the temperatures of these stars are equal, amounting to 4300 K (Smith et al. 1996; Griffin & Lynas-Gray 1999) . We calculated the 6563Å/5500Å flux ratio of α Boo and scaled it to the dereddened visual flux of AG Dra taken in its quiescent orbital minimum, when the nebular emission can be supposed to be negligible. Both groups of variations of the optical continuum of AG Dra, the quiescent and the active ones, are caused by the nebular emission (Montagni et al. 1996; Greiner et al. 1997; Tomova & Tomov 1998; . That is why the contribution of the circumbinary nebula at the wavelength position λ 6563Å must be found at each epoch of Hα observation. We calculated the fluxes at λ 5500Å and λ 6563Å of a continuum of gas emitted by recombinations and free-free transitions taking into account the temperature in the nebula of AG Dra and found that the flux at λ 5500Å is greater by 8% than at λ 6563Å. It was also supposed that the singly ionized helium is dominant. A spherical nebula with a density distribution of ∼1/r 2 in the region 10 6 ÷ 10 10 cm −3 , typical of the densities of the symbiotic nebulae, was considered. Carrying out this calculation, we used the mean values for the radius of the cool giant and its mass-loss rate of 30 R and 2.3 × 10 −7 M yr −1 according to the paper of and a wind velocity of 30 km s −1 (Mikolajewska et al. 1995) .
Having the ratio of the fluxes of the nebula at λ 5500Å and λ 6563Å , we subtracted from the observed V flux at the epochs of the Hα data the contribution of the giant. The difference is a nebular continuum, which was decreased by 8% and added to the flux of the giant at λ 6563Å. In this way we obtained the continuum flux of the AG Dra system at this wavelength. For calculation of all line fluxes the photometric data of Skopal (1998) , Petrik et al. (1998) and Tomova & Tomov (1998) were used.
All the fluxes were corrected for an interstellar extinction of E(B−V ) = 0.06 (Mikolajewska et al. 1995; Greiner et al. 1997; Gonzalez-Riestra et al. 1999 ) using the extinction law of Seaton (1979) .
As in our previous work (Tomova & Tomov 1999) , we used the photometric ephemeris JD(U min ) = 2 442 514.4 + 552.4×E of Skopal (1994) . The zero epoch is that of the photometric minimum, when the cool component is nearer the observer.
The emission measure
The optical brightenings of AG Dra are caused by an increase in its nebular emission. In Sect. 6 we will consider the possibility that the behaviour of this star during its active 1994-1998 phase can be explained in the framework of one or another model of outburst. Making this analysis we will investigate the changes of the emission measure. Quantitative analysis of the behaviour of the emission measure can be carried out using the Balmer continuum emission, which can be derived from U -band photometric data. During the active phase a good sample of optical photometry ( Fig. 1) was collected which gives us the possibility to calculate the emission measure at a number of typical epochs of variability of the light. It was already obtained in one of our previous works at some of these epochs (Tomova & Tomov 1999 ) but now it is calculated again using another estimate of the distance to the system. We considered the emission measure at all epochs of maxima and minima of the light during 1994-1998 (Table 2) . To compare these data with the quiescent ones we took the U fluxes of the circumbinary nebula at the orbital maximum and minimum F Skopal et al. (1995) , Hric et al. (1996) , Montagni et al. (1996) , Skopal (1998) , Petrik et al. (1998) , Tomova & Tomov (1998) and . The vertical lines indicate the local extrema under consideration, which are numbered from 1 to 10 and whose times are listed in Table 2 .
The magnitudes were converted into continuum fluxes without correcting for the emission lines included in the wavelength region of the U photometric system as we were not provided with spectral data in this region. The fluxes were corrected for the energy distribution of AG Dra. The continuum of this star on the long wavelength-side of the Balmer jump is considerably weaker, which leads to a reduction of the flux at 3650Å. The corrections were made as described in the paper of . The fluxes were also corrected for the interstellar reddening as described in Sect. 2. Finally we obtained the U fluxes of the circumbinary nebula of AG Dra in its quiescent state (Table 2 ) subtracting the quiescent fluxes of the stellar components derived in the paper of . We made also approximate estimates of the fluxes of the hot component for the considered epochs of the active phase using the approach in the same paper and data from the paper of Gonzalez-Riestra et al. (1999) . These fluxes were also subtracted from the dereddened fluxes of AG Dra.
To calculate the emission measure we need to know the state of ionization of helium. Mikolajewska et al. (1995) obtained an electron temperature for the nebula of AG Dra of about 15 000 K. In our calculations we assumed the same temperature in both the quiescent and the outburst states of the system. The helium ionization state in quiescence was determined in the paper of by calculation of the ratio of the emission measures of the neutral and ionized helium. It was allowed that the lines of He o are pure recombination lines since the same temperature of 15 000 K was adopted. A ratio He ++ /He + of about 0.5 was obtained, indicating that the singly ionized helium is dominant in the nebula.
During the 1994-1998 stage of activity we found data for some visual lines of He o and He ii 4686 line at the same epochs at orbital phases, close to the quiescent light maximum in the papers of Gonzalez-Riestra et al. (1999) and Tomova & Tomov (1999) . Only the flux of the narrow emission component of the line He ii 4686 was used since its broad component indicates a high velocity stellar wind from the hot companion of the system (see Sect. 5). In this case we obtained a ratio He ++ /He + of about 0.4, which means that the singly ionized helium is dominant in the nebula during outburst too. Such a result was expected since the temperature of the companion was decreased. In our calculations we assumed that the nebular emission is mostly continuum emission of hydrogen and neutral helium. The quantities γ ν , related to the emission coefficients of these atoms and determined by recombinations and free-free transitions, were selected as explained in the paper of . A helium abundance of 0.1 (Vogel & Nussbaumer 1994 ) was also adopted.
The broad component of the He ii 4686 line (Sect. 4) shows a region of high velocity stellar wind present in the nebula of AG Dra during the active phase. The temperature of this region is probably higher than 15 000 K. In the paper of Tomova & Tomov (1999) it was shown that the Balmer continuum emitted by this region is negligible compared to that of the rest of the ionized region(s) of the nebula. That is why we used an electron temperature of 15 000 K when calculating the emission measure.
We adopted a distance of 1.7 kpc as the mean value of the range of distances to the AG Dra system obtained by . So for the quiescent emission measures we derived n 2 e V = 1.59 × 10 59 (d/1.7 kpc) 2 cm −3 at the orbital maximum and n 2 e V = 0.36 × 10 59 (d/1.7 kpc) 2 cm −3 at the orbital minimum.
The results of the calculations of the data taken during the active phase are presented in Table 2 . The observed U magnitude is listed in the fifth column, the flux of the nebula in the sixth column and its emission measure in the seventh column. The ratio m of the emission measure at some epoch during the active phase and the emission measure at the quiescent orbital maximum is listed in the eighth column. The data show that during the active phase the emission measure changes by factors from 0.5 to 36 compared to its maximal value at the quiescent state. The phase of the light minimum after the 1997 outburst is very close to the orbital minimum, but the emission measure is by a factor of about 2 greater than this one at the quiescent orbital minimum, indicating greater number of recombinating ions. In our opinion this is most probably a result of the increased loss of mass of the two stellar components during the outburst (see Sect. 6).
The Hα line
The Hα line of AG Dra was analysed using spectral data obtained by us at the end of the quiescent stage before the last active phase as well as immediately before and after the epoch of the 1994 light maximum (Tomova & Tomov 1999) . In the present work we continue our analysis using data derived during the 1996 and 1997 brightenings and the lower state of the light between them ( Table 1 ). All of our data reveal a single-peaked profile of the line (Fig. 2 ) with unusually extended low intensity wings, reaching the level of the continuum at a distance not less than 2000 km s −1 from its center during all the time of observation. The wings were always symmetrical but an asymmetry in the upper part of the line was always present. This asymmetric part was confined by a small shoulder that was hardly visible and was located below the level of the half maximum on the short wavelengthside. Since the wings were symmetrical and the feature causing the asymmetry was related to the upper part of the line, being based on our previous analysis (Tomova & Tomov 1999) , we conclude that this feature is probably determined by absorption of some part of the Hα photons. The profile varied as a result of changes in this feature during the time of our observations, which from its side was probably determined by changes of the optical depth.
The intensity of the wings also changed in correlation with the optical light (Fig. 1) . It was higher during the times of the two brightenings of the star compared with its value in the lower state of the light between them (Fig. 3) . The behaviour of the wings shows that greater numbers of emitting hydrogen atoms were observed at the times of the increased light compared with its lower value. We suppose (Sect. 6) that the increased number of emitting Hα line atoms in the circumbinary nebula of the AG Dra system during its active 1994-1998 phase is probably determined by an increase of both the mass-loss rate of its cool giant and the Lyman photon luminosity of the hot companion.
The changes of the width (F W HM) of the line were also in correlation with the light. During the times of the optical outbursts it was greater, reaching values of about 160 km s −1 at the 1996 light maximum and about 140-150 km s −1 at the 1997 one. During the lower state of the light it was about 110 km s −1 . The data indicate a more pronounced turbulence of the nebular environment during the times of light increase. The behaviour of the Hα flux is shown in Fig. 4 and its data are listed in Table 3 . It also varies with the light. The wavelength position of the line was measured in the area of the wings as its other part was influenced by selfabsorption (Table 3 ). Its radial velocity shows pronounced variation with the orbital phase during this stage of activity (Fig. 5) . In our view these data can be analysed only when the quiescent dynamical behaviour of the circumbinary nebula is known.
The helium lines

The HeI 4713 line
During the time of all observations it had a nebular emission profile and a width (F W HM) of about 70 km s −1 . The data of its flux and radial velocity are listed in Table 4 . The radial velocity showed variation with the orbital phase. As in the case of the Hα line we will consider this variation only when the results of an analysis of its quiescent data are available. 
The HeII 4686 line
In July and August 1996 as well as during JuneSeptember 1997 the He ii 4686 line consisted of two emission components -a central narrow component with width (F W HM) equal to about 90 km s −1 and a broad one whose width was much greater (Fig. 6) . Only the last spectrum, taken in October 1997, revealed one component profile of this line when only a narrow emission component was present. We measured the intensity of the broad component in the following way. The observed spectrum in its region was corrected through removing some weak emission lines of O ii and N ii as well as the strongest absorption lines of the giant. Then it was analysed by fitting with Gaussian function. The parameters obtained with this procedure are listed in Table 5 . The equivalent width and the flux of the line were derived with an error ranging from 10% to 26% depending on the error of the local continuum of the individual spectra. The wide of the line at the continuum level (F W ZI) was considered by us to be determined from that distance from the line center where the fit reaches the level of the noise. The velocity of the stellar wind (see below) of the hot companion υ hot (Table 5 ) is equal to the half of the F W ZI of the line. The values of this velocity in the table were determined taking also into account the error of the line width (F W HM). It was not possible to fit the broad component with good accuracy on the spectrum taken on 19 June 1997 (JD 2 450 619) because of cosmic rays on its red wing. However taking into account the data based on the other spectra, we consider that the hot companion of the system has also a stellar wind with a velocity of about 1000 km s −1 and a mass-loss rate of ∼10 −7 M yr −1 at that time.
In our previous work (Tomova & Tomov 1999) we considered different possible mechanisms of line broadening of the Balmer lines of AG Dra and came to the conclusion that the broad component of Hγ is mainly due to a stellar wind with a velocity of 800 km s −1 , being at the same time affected by electron scattering. Now we will check if the broad component of the He ii 4686 line is due to the same mechanisms.
We first consider the possibility that this component is determined only by electron scattering. The total flux of the line, which is a sum of the fluxes of the two components ranges from 23.218 × 10 −12 erg cm −2 s −1 to 49.548 × 10 −12 erg cm −2 s −1 (Table 5) . With the parameters of This point would be more clear if we analyzed the data of Gonzalez-Riestra et al. (1999) for this line as well. They reveal also the presence of two emission components and were obtained at two stages of the evolution of the system -the quiescent one before 1994 and the active phase after this time. The broad emission component was absent at some epochs during quiescence, for instance on 10 Jan. 1993. On 5 Jan. 1994, however, it was present and if supposed to be due to electron scattering, the optical thickness of its emitting region will be equal to 0.08. In this case the radius and the emission measure are found to have values close to those ones calculated with the total flux of the line and our assumption of electron scattering only cannot be rejected. A broad component was observed on 19 Aug. 1995 too and when supposed to be a result of electron scattering the optical thickness is derived to be 0.14. In this case the radius of the emitting region and its emission measure are found to be considerably greater than those determined by the total line flux. This means that the broad component was not due only to electron scattering. Thus, when the intensity of the broad component of the He ii 4686 line is low it can be due only to electron scattering. However at the times July-August 1996 and June-September 1997 another process contributes to its appearance.
An emission line similar to the He ii 4686 broad component can be radiated by a small accretion disk around the compact object, rotating with Keplerian velocity. Let us consider whether this was the case in July-August 1996 and June-September 1997 when the intensity of this component was high. For the radius of the secondary component of the system we adopt a value of 0.10 R (see below). The mass of this component was assumed by Mikolajewska et al. (1995) to be about 0.6 M and by Gonzalez-Riestra et al. (1999) to be about 0.3 M . We suppose it is in the range 0.3 ÷ 0.6 M and will perform our calculations with these two borderline values. A Keplerian velocity of 757 ÷ 1070 km s −1 is obtained, which is comparable to the velocity of about 1100 ÷ 1300 km s −1 , corresponding to the F W ZI of the broad component (Table 5) . A small disk rotating with this velocity and located close to the hot secondary would appear as a result of accretion of a stellar wind and its luminosity would be low. In our previous work (Tomova & Tomov 1999) we came to the conclusion that the existence of such a disk is not plausible either in the case when the outbursts are caused by thermonuclear events or when they are driven by accretion. At present we will consider the possibility for it to exist in the case when the activity of AG Dra is assumed to take place in the framework of the scenario proposed for its X-ray emission (Greiner et al. 1997) . According to the optical spectral data (Gonzalez-Riestra et al. 1999; Tomova & Tomov 1999 ; this work) its presence can be supposed only at the times of the decrease of the light after its maxima. If the activity is determined by this mechanism the existence of a disk will be doubtful, since accretion is probably not realized at the times of the light decrease because of the appearance of a stellar wind from the expanding photosphere of the compact object. But if we suppose that the expansion decreases only because of the reduction of the accretion rate to its quiescent value the disk would be more luminous before the light maximum, but not after it, which does not explain the observed behaviour of the broad component of the He ii 4686 line. Thus, we will assume that this component is mainly caused by high velocity stellar wind, appearing most probably as a result of the outbursts themselves.
A high velocity wind, however, can be generated in two cases -by a hot stellar object and an accretion disk. The possibility for an origin from a disk was considered in the work of Tomova & Tomov (1999) , where it was stated that observational data supporting the existence of an accretion disk in the AG Dra system were not available till that time. Thus, we conclude that the broad components of the optical emission lines of this system at the times of activity after its light maxima are probably due to wind of a hot compact object rather than to an accretion disk. However, the wind velocity, which we obtained, can be considered as an upper limit since these components are also affected by electron scattering.
To determine the mass-loss rate of the hot compact secondary of the AG Dra system we applied the nebular approach, as in the work of Vogel & Nussbaumer (1994) , based on the relation of this parameter with the line flux when the wind has spherical symmetry and a constant velocity. Vogel & Nussbaumer (1994) used the flux of the He ii 1640 line, supposed to be dominated by recombination. They noted that the created photons are predominantly scattered and not destroyed, escaping as a result from the wind. That is why we used the approach of these authors, assuming that if the He ii 4686 line is actually not optically thin, it will be scattered too.
The particle density in the wind is a function of the distance to the center and is expressed via the continuity equation. The electron temperature was adopted to be T e = 20 000 K and the state of the helium ionisation was supposed to be He ++ as in the work of Tomova & Tomov (1999) . We also used a recombination coefficient of 2.689 × 10 −13 cm 3 s −1 for case B, corresponding to this temperature and a density of 10 13 cm −3 (Storey & Hummer 1995) and a parameter µ of 1.4 (Nussbaumer & Vogel 1987 ) determining the mean molecular weight µm H in the hot wind. As the line flux is thought to be emitted by a spherical region, the radii of integration must be determined. Since we treat the wind in the nebular approach, the inner radius is thought to be the radius of the star. We used the value of this parameter based on the analysis of Greiner et al. (1997) . An appearance of a stellar wind from the compact object is considered by these authors to be possible when its photosphere has expanded as a result of the increasing accretion rate. In this case the radius is assumed to be about 0.14 R at a distance to the system of 2.5 kpc. Since we used a distance of 1.7 kpc the radius was reduced to 0.10 R . In our view it would not be correct to use the data for the radius during outburst of Mikolajewska et al. (1995) and Gonzalez-Riestra et al. (1999) since these data are related to the case of an increase of the bolometric luminosity, and according to the scenario of Greiner et al. (1997) it remains invariable. Let now determine the outer radius of integration. The numerical calculations of the evolution of the nebular environment in symbiotic systems (Nussbaumer & Walder 1993) show that six months after the appearance of the wind of the hot secondary its region has a size comparable with the binary separation. We could not determine this region during the last active phase of AG Dra as the variation of the mass-loss rate of its cool giant is not known. On the other hand it is easy to show that regions of high velocity wind far from its base have a negligible contribution. Thus, we will use an outer radius of integration equal to half of the binary separation, 166 R . Before considering our calculation of the mass-loss rate based on the broad component of the He ii 4868 line we will calculate this parameter using the broad component of the Hγ line from the work of Tomova & Tomov (1999) , as a distance to the system of 1.7 kpc is now adopted. This component, having a flux of 2.38 × 10 −12 erg cm −2 s −1 , was observed after the 1995 light maximum and was supposed to be due mainly to stellar wind, whose velocity was determined to be less than 800 km s −1 . A recombination coefficient of 1.233 × 10 −14 cm 3 s −1 for the same density and temperature was adopted (Storey & Hummer 1995) . The mass-loss rate in this case amounts to less than 0.97 × 10 −7 (d/1.7 kpc) 3/2 M yr −1 . The mass-loss rates based on the current data (Table 5) can be also regarded as upper limits because of the electron scattering contribution in the broadening of the line.
Discussion
The active 1994-1998 phase of the symbiotic star AG Dra is characterized by several increases of the optical light and the amplitude of the greater of them was more than three magnitudes in the U -band photometric system. Broad emission components indicating mainly high velocity stellar wind from the compact companion are present in the spectrum after the 1995 (Tomova & Tomov 1999 and 1997 light maxima. According to the evolutionary models of an accreting white dwarf (Shara et al. 1993; Kato & Hachisu 1994; Yungelson et al. 1995 ) the total mass lost by it is approximately equal to the mass of the accumulated hydrogen envelope. If we suppose that the whole envelope has been lost during the time of light decrease, the accretion must be realized at a rate close to that of the loss of mass 10 −8 ÷ 10 −7 M yr −1 , since these two processes had approximately the same duration. However, when the accretion rate is 10
a steady burning of hydrogen is realized which excludes the possibility of a thermonuclear event (Mikolajewska & Kenyon 1992) . Consequently the optical brightenings of AG Dra after 1994 most probably are not determined by thermonuclear events at the surface of a white dwarf.
For an explanation of the X-ray spectrum, Greiner et al. (1997) proposed a model where the accretion rate is increased, leading to an expansion of the compact secondary at constant bolometric luminosity. The growth of the U light, however, is caused by an enhancement of the nebular continuum, which is determined by increase in the number of the recombining ions. During the 1994 and 1995 light maxima the U flux of the circumbinary nebula and its emission measure increased by factors of 36.2 and 12.9 compared to their quiescent maximal values. At 1996, 1997 and 1998 light maxima they increased by factors of 8.3, 14.9 and 6.6 respectively. The intensity of the nebular continuum is proportional to the ion density. There is also a linear dependence between the ion density and the density of the radiation field of the ionizing star. Then if the compact companion is supposed to be this source, which heats the circumbinary nebula, which from its side is partly ionized, the companion's Lyman photon luminosity must increase proportionally to the nebular U flux and the emission measure. Supposing a black body energy distribution and using a distance to the system of 1.7 kpc, the data of Greiner et al. (1997) for the luminosity and the temperature of the hot component as well as the velocity of its expansion calculated by them, we find that the Lyman photon luminosity of this star increases by a factor of about 3. Our supposition for a black body was based on the UV data analysis of Gonzalez-Riestra et al. (1999) as well as on the generally accepted view for the continuum energy distribution of the hot stellar components of the symbiotic binaries (Mürset et al. 1991) , although they emit mostly in the far ultraviolet -a region not entirely observed by current instrumentation. The increase of the Lyman luminosity by a factor of 3 is too small compared with the growth of the U flux and the emission measure and an additional ionization mechanism is need.
Let us consider the increase of the amount of the emitting gas following the scenario proposed by Greiner et al. (1997) , since an appearance of a stellar wind from the compact companion, such as probably observed, is supposed in the framework of this scenario. Friedjung et al. (1998) came to the conclusion that the variation of the quiescent U -band flux of AG Dra at the time of its orbital maximum is caused by changes in its cool giant's wind. Later, the quiescent U orbital modulation of this system was considered by . They inferred that the variation of the maximum U flux will be determined by the giant's mass-loss rate only when the hot companion of the system has an excess of luminosity, which makes it able to ionize practically the whole circumbinary nebula, except the region behind the giant. Consequently, the growth of the companion's luminosity by itself will not lead to an increase in the number of ions recombining in the nebula during the active phase. This can be also caused by an increase in the mass-loss rate of the giant star. Such a mechanism was initially suggested by Nussbaumer & Vogel (1988) to explain the optical outbursts of symbiotic stars. Moreover the analysis of the radial velocities by Galis et al. (1999) suggests that the cool giant pulsates, which probably leads to changes in its mass-loss rate.
The strongest of the outbursts of AG Dra during its last active phase was the 1994 one, when the nebular U flux increased by a factor of 36.2. It requires a growth of the mass-loss rate by a factor of 6 if the radius of the star does not change. At the same time, however, to produce a hydrogen-rich envelope with a mass of > = 5 × 10 −5 M onto a white dwarf with mass less than 0.6 M in a time of 100
d , that is supposed to be the typical time of the X-ray flux decrease, the mass-loss rate of the giant must increase several orders of magnitude above its quiescent value (Greiner et al. 1997) . This is an important difficulty met by this model. Its solving is a problem of a theoretical nature and is not included in our consideration.
We propose the following sequence when an outburst takes place:
1. The U light begins to increase because of the appearance of a shell in the wind of the giant and rises while the hot companion is able to maintain ionization in the same region of the nebula as in quiescence; 2. When the ionized region begins to shrink as a result of the increase of the mass-loss, the light stops its rise and remains constant, while the shell reaches the companion and its accretion rate begins to increase; 3. The increased accretion rate leads to the creation of an envelope and gives rise to the Lyman luminosity, the companion ionizes an additional part of the nebula and the light rises for a longer time. It reaches a maximal value together with the Lyman luminosity when a high velocity wind appears. So the time of rise of the light is more than 80 d -90 d , the time needed for a particle of the giant's wind to travel the distance between the two stars. The wind velocity is not supposed to change during the active phase and remains approximately the same, 30 km s −1 (Mikolajewska et al. 1995) . The massloss rate of the giant declines to its quiescent value before the epoch of the light maximum; 4. The wind of the companion stops the accretion and contributes to the expansion of the ejected shell. At the same time the accreted envelope burns out and the Lyman luminosity decreases to its quiescent value. The two processes determine the return of the U light to its quiescent level.
There is a problem related to the mass of the accreted envelope. Neither the mass-loss at a rate of ∼10
nor the burning of hydrogen-rich material at a rate of ∼10 −8 M yr −1 , such as that proposed by Greiner et al. (1997) , can use up an envelope with a mass of ∼10 −5 M and cause the contraction of the white dwarf back to its original state for the typical time of the X-ray flux increase to its quiescent value.
This scenario gives, though, a possibility to explain some details of the curve (Fig. 1) -for example, that the light after its 1994 maximum dropped to a level considerably higher than its quiescent value. The reason can be an early increase of the mass-loss rate of the giant. On the other hand, however, the analysis of same observational data does not confirm our supposition that most of the circumbinary nebula is an ionized region during quiescence, with the exeption of the region behind the giant. For instance Schmid et al. (1999) obtained high efficiency for the scattering of radiation in the O vi doublet 1032-1038 by neutral hydrogen in the atmosphere of the giant of AG Dra at an orbital phase close to the spectral quadrature and supposed the presence of a dense neutral region. However, these authors note that such a dense region would also produce a strong Rayleigh scattering of the continuum radiation, which has never been detected by IUE.
Conclusions
We present results of U photometric observations as well as CCD spectral observations carried out in the regions of the Hα and He ii 4868 lines of the spectrum of the symbiotic binary AG Dra. The photometric data are related to the whole 1994-1998 active phase of this system and the spectral data only to its 1996 and 1997 outbursts. We derived profiles, fluxes and radial velocity data of the lines Hα, He i 4713 and He ii 4868.
The photometric data give us the possibility to obtain the emission measure of the circumbinary nebula adopting a distance to the system of 1.7 kpc and using only the nebular contribution to the observed U flux. Emission measures of n 2 e V = 1.59 × 10 59 (d/1.7 kpc) 2 cm −3 and n 2 e V = 0.36 × 10 59 (d/1.7 kpc) 2 cm −3 at the orbital photometric maximum and minimum were obtained on the basis of the quiescent U flux. At the times of the five maxima of the U light during the 1994-1998 active phase the emission measure was increased by factors of 36, 13, 8, 15 and 7 compared with its quiescent maximal value.
Variations of the width (F W HM), the flux and the intensity of the wings of the line Hα were observed during the time 1996-1997 correlating with the light. The behaviour of the wings showed an increase of the number of emitting atoms in the nebula during the outbursts in agreement with the increase of the emission measure. The F W HM showed a more pronounced gas turbulence during the times of activity.
After the visual light maxima in 1996 and 1997 the profile of the He ii 4868 line consisted of two emission components: a central narrow component and a broad component indicating mainly a stellar wind. This wind had a velocity of 1100÷1300 km s −1 and was probably produced by the compact companion, which was supposed to lose mass at a rate of about 1 ÷ 2 × 10 −7 (d/1.7 kpc) 3/2 M yr −1 . A loss of mass of AG Dra via a high velocity wind was observed during its 1995 brightening, too (Tomova & Tomov 1999) . Based on these data we conclude that the outbursts of this system during its 1994-1998 active phase most probably are not thermonuclear, since the accretion rate in this case must be close to this one of the loss of mass. The mass-loss rate, obtained by observation, has a high value and accretion at a rate close to it falls into the region of a steady-state burning of hydrogen at the surface of a white dwarf.
The growth of the Lyman photon luminosity of the companion is less than the growth of the emission measure of the nebula and is not sufficient to explain the optical outbursts that are caused by variation of the nebular emission. Using one of the conclusions of the work of that the luminosity of the companion is high, providing the possibility that it ionizes practically the whole surrounding nebula except for the region behind the giant, we assume that the optical outbursts of the system could be partly due to a growth of the massloss rate of the giant and could be also interpreted in the framework of the model proposed for its X-ray emission (Greiner et al. 1997 ). According to this idea the optical outbursts of AG Dra would be the result of both an increase in the mass-loss rate of its cool giant and an increase of the Lyman photon luminosity of the hot companion.
